Background: There is a question of whether a single assessment tool can assess the key competencies of residents as mandated by the Royal College of Physicians and Surgeons of Canada CanMEDS roles framework. Objective: The objective of the present study was to investigate the reliability and validity of an emergency medicine (EM) in-training evaluation report (ITER). Method: ITER data from 2009 to 2011 were combined for residents across the 5 years of the EM residency training program. An exploratory factor analysis with varimax rotation was used to explore the construct validity of the ITER. A total of 172 ITERs were completed on residents across their first to fifth year of training. Results: A combined, 24-item ITER yielded a five-factor solution measuring the CanMEDs role Medical Expert/ Scholar, Communicator/Collaborator, Professional, Health Advocate and Manager subscales. The factor solution accounted for 79% of the variance, and reliability coefficients (Cronbach alpha) ranged from a 5 0.90 to 0.95 for each subscale and a 5 0.97 overall. The combined, 24-item ITER used to assess residents' competencies in the EM residency program showed strong reliability and evidence of construct validity for assessment of the CanMEDS roles. Conclusion: Further research is needed to develop and test ITER items that will differentiate each CanMEDS role exclusively.
In 1996, the Royal College of Physicians and Surgeons of Canada (RCPSC) presented a competencies framework for the assessment of all residents in resident training programs across Canada. 1 The competencies expected of residents are designed to address the question, ''What attributes do physicians need in order to be effective in their practice?'' Postgraduate educators, however, are held responsible for using the Canadian Medical Education Directives for Specialists (CanMEDS) roles framework as the basis for developing medical curricula and measurement tools to assess residents throughout their training programs. The seven CanMEDS roles are Medical Expert (the central role), Communicator, Collaborator, Health Advocate, Manager, Scholar, and Professional. 2 Postgraduate training programs in Canada use a variety of assessment tools to evaluate competencybased medical education specific to the CanMEDS roles. A survey of program directors showed concern about how the non-Medical Expert or intrinsic CanMEDS roles are evaluated in postgraduate medical education programs. 3 Although the use of multiple tools may be recommended when assessing the CanMEDS roles, the utility and feasibility of such a task within resident training curricula needs further investigation. As Lurie suggests, 4 the use of multiple and different assessment methods need to be based on the comparability of these measures as a function of whether the performance measured represents a stable characteristic of the examinee rather than unique elements derived from prescriptive testing situations. Nevertheless, the use of more than a single assessment method to triangulate assessments of the various CanMEDS role competencies is recommended rather than a single tool or method. For example, the assessment of the Communicator role as a function of the patient-physician relationship can be measured using multiple evaluators and a combination of tools or methods such as the in-training evaluation report (ITER), daily encounter cards (DECs), objective structured clinical examination (OSCE), and multisource feedback, to name a few. 2 ITERs are the most commonly used tool to evaluate the clinical performance of residents because they allow the measurement of intrinsic domains of clinical competence such as collaboration and health advocacy. ITERs also allow for longitudinal assessment. 2, 3, 5 To date, the ITER (as a summative measure based on preceptors' observations over typical block rotation periods) has been recognized as the one tool that can best capture an assessment of all seven CanMEDS roles. 2, 3 The ITER is completed by the clinical assessor based on a number of observed clinical performances over the course of a resident's training period (e.g., 8-week block rotation) and can be an efficient way to conduct a broad evaluation of domain and expected behaviour areas. It allows the evaluator to use multiple sources of information and provides a summative evaluation of the resident's clinical performance.
The ITER also has several disadvantages. The reliability and validity of the ITERs may be compromised because of small sample sizes, inaccurate documentation of resident performance, evaluator inconsistency (lenient v. stringent raters), and the lack of variability in the sample of residents selected. The time of evaluation may also impact the reliability and validity of ITER scores because a large gap between observation and evaluation may introduce recall bias. 6 Kogan and colleagues showed that the use of intraining assessment of residents' clinical skills may be influenced by the faculty's own clinical skills. 7 Faculty use various criteria to assess clinical performance and therefore assign levels of importance to what is acceptable. Faculty assessment behaviours were not significantly correlated with demographic characteristics such as age, gender, or clinical or previous experience as preceptors, whereas faculty clinical skills were. From a resident perspective, the ITER process is seen as ''inauthentic'' due to the debatable credibility of the evaluator. Residents may also believe that their own self-assessment is a more accurate reflection of their performance. 8 
COMPETENCY-BASED MEDICAL EDUCATION IN EMERGENCY MEDICINE
There is controversy regarding the applicability and assessment of competency-based education during clinical rotations in emergency medicine (EM). A focus group study of EM faculty found that the Medical Expert and Professional roles were seen as most relevant to an EM rotation, whereas the Health Advocate, Manager, Scholar, and Collaborator roles were least relevant. 9 Another study that surveyed emergency physicians from two Canadian academic tertiary health sciences centres found a strong preference for Medical Expert topics, whereas Professional, Health Advocate, Collaborator, and Communicator topics were not a reported priority for professional development. 10 Although being a Medical Expert is central to every competent physician, other competencies are just as important. EM physicians are in an ideal position to liaise between the public and the medical system. They are often the initial point of contact for patients entering the hospital system and are at an advantage to identify and act on the social, environmental, and biologic factors that influence the health of individuals and society. 11 It is important to measure clinical competence in EM residents to ensure that resident training program curricula are providing material and encounters for all aspects of clinical care. Although there has been research on the strengths and weaknesses of the different types of assessment tools, 12 at present, there is no literature on how Canadian residency programs effectively teach and assess their residents' clinical competencies in EM across all seven domains. As a result, training programs must be creative in meeting teaching goals with the resources at their disposal, and the assessments need to be comprehensive in addition to being reliable and valid. 13 The objective of the present study was to investigate the reliability (internal consistency and intraclass correlation [ICC] ) and validity (construct) of using a common ITER that can be used to measure the clinical competencies of EM residents across all 5 years of residency training and the seven CanMEDS roles or competency domains.
METHOD
The EM residency program at the University of Calgary is a 5-year integrated program in which residents are evaluated on an ongoing basis by means of direct observation, as well as in-training written and oral examinations. The Department of Emergency Medicine has developed ITERs for each of the postgraduate (PGY) first to fifth year levels of the program that share 24 common items used to assess each of the seven CanMEDS roles. Items were developed by the EM program director in addition to a team of EM preceptors with the help of the objectives of training for emergency medicine outlined by the RCPSC. 14, 15 Although each ITER was reviewed and revised until a consensus was reached, the items for the intrinsic roles (e.g., Communicator, Collaborator, Heath Advocate) are similar for each PGY level. More specifically, items will vary across levels on the clinical aspect for the Medical Expert role as the expectations for a PGY-1 resident are not as extensive as they would be for a PGY-5 resident. For example, the item for ''Resuscitation Skills'' for PGY 1 reads, ''Is able to perform CPR, defibrillation, and basic airway management including intubation with close staff supervision,'' and the item for PGY 5 reads, ''Supervises all resuscitation cases.'' All items are rated on a 5-point scale from 1 5 fails to meet to 5 5 exceeds expectations, with the option of not able to assess/applicable (''NA'') checkbox. Completed at the end of rotation, ITER forms are entered by the EM clinical evaluators electronically through a health care administration online program. The ITER data for the EM residents were collected from July 2009 to June 2011 across all 5 years of the residency training program at the University of Calgary. The ITER data were imported into SPSS version 19.0 for Windows (SPSS Inc, Chicago) and combined for analysis across the 5 years of the EM residency program.
Exploratory factor analysis using varimax rotation and a Cronbach alpha was also computed. Items loading on a common factor were then analyzed and grouped together. Items with a factor loading of 0.320 (10% of variance) or greater were retained. 16 The exploratory factor analysis on the 24 items was conducted using the principal components method of extraction with an orthogonal varimax rotation. As selection of the number of factors is a critical phase of the analysis, the following criteria were used: eigenvalues . 1, a scree test of eigenvalues plotted against factors, and review of the residual correlation matrix. 16 As the number of factors was theoretically defined by the seven CanMEDS roles and the scree plot is not an exact measure, we performed several factor analyses to derive at a parsimonious factor solution. Each time a different number of factors was specified, the scree test was repeated, and the residual correlation matrix was examined for any large residuals (i.e., . 0.10) that would suggest the presence of another factor. The resulting factors identified were analyzed for internal consistency using Cronbach alpha to derive reliability coefficients (internal consistency) for each subscale. In addition, ICC analysis was conducted to investigate the consistency in rating across the various EM evaluators.
RESULTS
From 2009 to 2011, 172 ITER forms were completed across the 5 years of the EM residency program. The number of items that were used to measure each of the seven CanMEDS roles and were common across all postgraduate years was 24. Specific items that were not common across the ITERs pertaining to skills such as intravenous insertion, venipuncture, suturing, catheter insertion, urinalysis, and lumbar puncture that were relevant to the PGY-1 ITER did not appear on the PGY-4 and -5 ITERs, where more focus was placed on decision making and expert use of consultation skills.
Factor analysis resulted in a five-factor solution accounting for 79% of the variance, and the salient loadings for the items assigned to one of the five factors were found to range from 0.323 to 0.865 ( Table 1) 
items. The average (or sum) of the scores of the 35 EM evaluators is highly reliable, with an ICC of 0.97 with 95% confidence intervals from 0.96 to 0.98, suggesting that the ratings obtained from the evaluator were consistent despite the apparent differences in scoring the ITERs across residents' levels of performance.
DISCUSSION
The combined, 24-item ITER used to assess clinical competency in EM residents showed strong reliability and evidence of construct validity for the assessment of specific CanMEDS roles. The overlapping or crossloading of items across a factor solution is not uncommon or unexpected as a measure of a resident's clinical competence in one role or domain (e.g., the ability to communicate effectively) may also reflect the individual's abilities in other domains (e.g., abilities to collaborate with or manage others). The common ITER items used across the 5 years of EM residency training were shown to measure some of the CanMEDS roles (i.e., Medical Expert and Professional) better than others (i.e., Communicator and Collaborator, Health Advocate, and Manager).
Although some items are clearly associated with specific roles, 14 of the items were also shown to overlap with one or more factors. It must be emphasized that the CanMEDS roles have distinct competencies that can be assessed independently through observations by appropriate evaluators. In the case of the ITERs in our study, there were items that clearly focused on the assessment of a specific aspect of one particular role and other items that overlapped between the roles or factors (i.e., item loadings . 0.32 or 10% of the variance across roles). Although discrete measures of residents' particular competences within any one role are important, as illustrated in the diagram that depicts the CanMEDS roles framework, these domains or constructs also overlap (e.g., the item ''explores patient's beliefs, concerns and expectations'' incorporates aspects of being an effective communicator/collaborator with being a professional and a health advocate). As shown in the factor analysis results, the item ''[a]pplies new knowledge to daily practice'' reflects the residents' competency as a Medical Expert (item loading 5 0.609, accounting for 37% of the variance) while acknowledging the importance of using this new knowledge effectively in daily practice as part of the Communicator and Collaborator roles (0.586, 34% of the variance). Nevertheless, although an argument may be made that the Communicator and Collaborator roles are synonymous, they are also aspects of each role that make these constructs distinct. The combination of the Communicator and Collaborator roles warrants further investigation with the addition of modified or new items that are more content specific to define and measure each role distinctly.
Regarding the Health Advocate factor, the item ''explicitly integrating opinions of the patient and caregivers into management plans'' loads across three other factors and warrants rewording to better reflect an assessment of this role that does not evoke other domains, such as Communicator and Collaborator and Professional. Nevertheless, this item also illustrates the balance that must be taken into consideration when the objective is to measure competencies or abilities across a number of the roles or a mandate to provide a clear assessment of these domains as discrete constructs or stand-alone roles. Items believed to pertain to the Scholar role that were not identified as a separate factor also warrant further investigation, and the addition of new items should be developed and tested in future iterations.
There are several limitations to this study. First, combining the items across each year may have had an influence on the results. For example, items that were combined were measuring the same concept but were worded slightly differently and may have been evaluated differently based on the resident's year of program. Second, the resulting factor solution would have benefited from a larger sample size to meet the expectations for a more comprehensive exploratory factor analysis. Third, given that data were collected over 2 years, there may have been some overlap with residents' assessments, although multiple ITERs from the same resident should not have theoretically influenced the reliability or validity of this analysis. Fourth, it is unknown how many encounters the evaluator had with the resident as the ITER was completed after an 8-week block rotation and evaluators with more encounters may have rated residents differently from evaluators with fewer encounters. Last, no data were collected that would have allowed us to take into consideration faculty clinical skills that have been shown to correlate with assessment behaviours. 7 This study provides a starting point for the measurement of clinical competence in EM residents in Canada using a single evaluation method to assess all seven CanMEDS roles. Additionally, this study provides evidence for the reliability and construct validity of a common ITER that may be used to assess key competencies across all years of an EM residency program.
The next logical step for future research is identifying ITER items that will differentiate each CanMEDS role exclusively. This can be done within each year of residency in EM or across all years. The importance of sample size must be addressed to ascertain construct validity using factor analysis, although there are conflicting recommendations in terms of minimum sample size and the subject to variable ratio. Although some statisticians contend that at least 10 observations are needed for each item in the instrument being used, this can be based on a sample size as small as 200. 16 Although we were able to obtain an average of only 7.2 observations per item on the common 24-item EM ITER, this number would meet the subject to variable ratio of 5 to 1 purported by other researchers. 12, 17 To overcome this, longitudinal data can be collected, although this could be time consuming and would not provide unique observations across specific PGYs.
It should be acknowledged that the manner in which the forms are completed and the sociocultural context in which they are deployed may have an impact on the reliability of the process. For example, no matter how well designed an ITER form may be, if the practice is to give every resident a ''5'' or ''excellent'' rating, then the form will generate very reliable results (high internal consistency as the ratings are always the same), but they will not be valid as not every resident is always a ''5.'' Other areas of research should investigate how educators are trained to conduct assessments in EM and what can be done to reduce bias and error when conducting assessments. In addition, all residency programs should adopt a model for ITER evaluation that includes continuous performance assessment, assessing student performance in several student domains, and ensuring that measures are consistent, current, feasible, reliable, and valid. 14 This model should integrate other effective methods and clearly outline the standards that need to be met by residents.
Given the generic nature of the 24-item EM ITER investigated in this study, it could be applied to other related resident training programs. Concurrent validity testing with other tools, such as OSCEs and DECs, assessing clinical competence outlined by the CanMEDs roles is also warranted in EM and other training programs. 3, 9 Although the use of an ITER may allow for the evaluation of the intrinsic domains such as the Health Advocate and Collaborator roles, which have been regarded as extraneous in EM compared to the Medical Expert, Communicator, and Professional roles, further exploration into the situational factors that affect clinical performance is also needed. From a measurement point of view, it is more feasible to measure scenarios and participants in isolation than to decipher their interactions according to Lurie, who states, ''Descriptions of 'competencies' should thus specify the range of examinees and situations to which they apply. If they are specified in overly dispositional terms, or over too wide a range of unrelated situations, they will contribute to only a small fraction of the variance of any particular performance.'' 4
